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METHOD OF FORMING A
SEMICONDUCTOR DEVICE WITH
MULTIPLE THICKNESS GATE DIELECTRIC
LAYERS

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to methods used to fabricate
semiconductor devices and more specifically to a method of
fabricating a semiconductor device featuring the formation
of multiple gate dielectric layers, with various gate dielectric
thicknesses, for the multiple elements of the semiconductor
device.

(2) Description of Prior Art

The use of complimentary metal oxide semiconductor
(CMOS), devices for semiconductor integrated circuit
applications, has resulted in the fabrication of both N
channel (NMOS), as well as P channel (PMOS), type
devices, on the same semiconductor chip, sometimes neces-
sitating a gate dielectric layer for one type channel device
different 1n thickness than the gate dielectric thickness used
for the counterpart type device. In addition specific elements
in the 1ntegrated circuit may demand a speciiic gate dielec-
tric thickness, again different from the thicknesses used for
other type elements of the semiconductor design. A speciiic
thickness of the gate dielectric layer may be needed to
optimize the parametrics of that specific element, and thus
the performance of the mtegrated circuit can be influenced
by the ability to form several different gate dielectric
thicknesses, for the various elements residing on the same
semiconductor substrate.

To successtully form multiple thickness, gate dielectric
layers, such as thermally grown silicon dioxide layers, on
the same semiconductor substrate, the thin gate dielectric
layer sometime needs to be formed on a region of the
semiconductor substrate that had just been subjected to an
HEF type solution. The HF solution is used to remove a thick
silicon oxide component, used as a gate dielectric layer for
a first type element, from an area of the A semiconductor
substrate to be used for a second device or element, needing
a thinner gate dielectric layer. This sequence can present
several shortcomings such as the HF solution finding defects
in a photoresist shape used to protect the thicker silicon
dioxide gate dielectric component, thus etching pin holes in
the thicker gate dielectric layer resulting in subsequent gate
shorts or leakage. In addition the thickness needed for the
regrown, thinner silicon oxide gate dielectric layer, on the
bare portion of semiconductor may be difficult to control
when directly growing this thin silicon dioxide layer on a
bare semiconductor substrate.

This 1nvention will describe several novel fabrication
sequences 1n which multiple thicknesses for gate dielectric
layers are obtained without risking HF attack of the thicker
silicon dioxide gate dielectric layer, and also 1improving the
ability to control the thickness of the thin silicon dioxide
gate layer. Prior art, such as Holloway et al, in U.S. Pat. No.
5,989,962, as well as Chau, in U.S. Pat No. 6,048,769,
describe process sequences and materials used to fabricate
cgate dielectric layers, with different thicknesses, on the same
semiconductor substrate. However these prior arts do not
describe the novel process steps, and composite gate dielec-
tric components, used 1n this present invention.

SUMMARY OF THE INVENTION

It 15 an objective of this mmvention to fabricate metal oxide
semiconductor field effect transistor (MOSFET), elements
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on a semiconductor substrate, wherein first gate dielectric
layers, at a speciiic thickness, are formed for first MOSFET
clements, while second gate dielectric layers, formed at
thicknesses different than the thickness used for the first

dielectric layers, are used for second MOSFET elements.
It 1s another object of this invention to perform a remote
plasma nitridization procedure on a first silicon dioxide gate
layer located on a first portion of a semiconductor substrate,
and on a bare, second portion of the semiconductor
substrate, prior to controllably forming a second silicon
dioxide gate layer, on the second portion of the semicon-
ductor substrate, with the second silicon dioxide gate layer
thinner 1n thickness than the first silicon dioxide gate layer.

It 1s still another object of this invention to thermally grow
a thin silicon dioxide gate layer on a bare, second portion of
a semiconductor substrate, while a thicker, composite silicon
nitride—silicon dioxide layer, resides on a first portion of the
semiconductor substrate.

In accordance with the present invention methods of
forming gate dielectric layers on a first portion of a semi-
conductor substrate, at a first thickness, while simulta-
neously forming other gate dielectric layers, at a second
thickness, on a second portion of the semiconductor
substrate, are described. A first iteration of this invention
entails the thermal growth of a first silicon dioxide layer, at
a first thickness, on a semiconductor substrate. After
removal of the first silicon dioxide layer, from a first portion
of the semiconductor substrate, a remote plasma nitridiza-
tion procedure 1s performed resulting 1n the formation of a
thin silicon nitride layer on the first portion of the semicon-
ductor substrate, while a thin silicon oxynitride layer 1is
formed on the first silicon dioxide layer, located on a second
portion of the semiconductor substrate. A thermal oxidation
procedure 1s then performed to grow a thin, second silicon
dioxide layer on the first portion of the semiconductor
substrate, underlying the thin silicon nitride layer, while the
first silicon dioxide layer, located on the second portion of
the semiconductor substrate, underlying the silicon oxyni-
tride layer, increases 1n thickness, with the re-oxidized, first
silicon dioxide layer greater in thickness than the second
silicon dioxide layer. A second iteration of this mvention
employs a composite dielectric layer, comprised of silicon
nitride on silicon dioxide, on a first portion of a semicon-
ductor substrate, while the same composite dielectric layer
1s removed from a second portion of the semiconductor
substrate. A thermal oxidation procedure 1s then employed to
orow a thin silicon dioxide layer on the second portion of the
semiconductor substrate, while the thickness of the compos-
ite dielectric layer, located on a first portion of the semi-
conductor substrate remains unchanged.

BRIEF DESCRIPITION OF THE DRAWINGS

The object and other advantages of this invention are best
described 1n the preferred embodiments with reference to the
attached drawings that include:

FIGS. 1-5, which schematically in cross-sectional style,
describe a first iteration of this invention 1in which a remote
plasma nitridization procedure 1s used to form a nitrogen
contaming layer on a first silicon dioxide layer, and on a
bare, first portion of a semiconductor substrate, prior to
thermally growing a thin, second silicon dioxide gate layer
on the bare, first portion of the semiconductor substrate, with
the second silicon dioxide gate layer, thinner than the first
silicon dioxide gate layer, which 1 turn 1s located on a
second portion of the semiconductor substrate.

FIGS. 69, which schematically in cross-sectional style,
describe a second iteration of this invention in which a
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composite 1nsulator layer, comprised of silicon nitride on
silicon oxide, 1s used to protect a first portion of a semicon-
ductor substrate from a thermal oxidation procedure, used to
form a thin, second silicon dioxide layer on a bare, first
portion of a semiconductor substrate.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Methods used to form first gate dielectric layers on a first
portion of a semiconductor substrate, while simultaneously
forming second gate dielectric layers on a second portion of
the semiconductor substrate, with the thickness of the first
cgate dielectric layer, different than the thickness of the
second gate dielectric layer, will now be described 1n detail.
A P type semiconductor substrate 3, comprised of single
crystalline silicon, with a <100> crystallographic
orientation, 1s used and schematically shown in FIG. 1.
Region 1, of semiconductor substrate 3, will be used to form
a first gate dielectric layer, while region 2, of semiconductor
substrate 3, will be used with a second gate dielectric layer,
different 1n thickness than the first gate dielectric layer. If
cither region of semiconductor substrate 1s to be used for P
channel (PFET), devices, a N well region, not shown in the
drawings, 1s formed 1n that region to accommodate the PFET
devices

A first iteration of this mvention featuring the formation
of a first gate dielectric layer, formed at a first thickness on
a first portion of a semiconductor, and the formation of a
second gate dielectric layer, formed at a second thickness, on
a second portion of the semiconductor substrate, will now be
described. Silicon dioxide layer 4a, shown schematically 1n
FIG. 1, 1s thermally grown, in an oxygen—steam ambient,
to a thickness between about 40 to 60 Angstroms. Photore-
sist shape 5, 1s next employed as an etch mask to allow the
exposed portion of silicon oxide layer 4a, 1n region 2, of
semiconductor substrate 3, to be removed via exposure to a
HF containing solution. This 1s schematically shown 1n FIG.

2. Photoresist shape 3§, 1s removed via plasma oxygen ashing,
and careful wet cleans.

A remote plasma procedure, performed 1n a nitrogen—
hellum ambient, for a time between about 30 to 60 sec, at a
power between about 100 to 300 watts, 1s used to form
silicon nitride layer 6a, at a thickness between about 20 to
40 Angstroms, on the portion of semiconductor substrate 3,
exposed 1n region 2. The equivalent silicon oxide thickness
of silicon nitride layer 6a, 1s between 10 to 20 Angstroms,
based on the dielectric constant for silicon nitride being
about twice the dielectric constant for silicon oxide. The
same remote plasma procedure results in the formation of
nitrogen containing layer 6b, such as silicon oxynitride, at a
thickness between about 5 to 10 Angstroms, on the portion
of silicon dioxide layer 4a, residing in region 1, of semi-
conductor substrate 3. This 1s schematically shown 1n FIG.
3. A thermal oxidation procedure 1s next performed, at a
temperature between about 800 to 1000° C., in an oxygen—
stcam ambient, resulting in the formation of thin, silicon
dioxide gate msulator layer 7, at a thickness between about
5 to 10 Angstroms, on portion of semiconductor substrate 3,
exposed 1n region 2. The presence of oxidation retarding
silicon nitride layer 6a, 1in region 2, of semiconductor
substrate 3, allowed a longer oxidation time to be employed
for growth of thin, silicon dioxide gate insulator layer 7, thus
improving the controllability of this procedure. The same
thermal oxidation procedure results 1n some additional oxi-
dation in region 1, of semiconductor substrate 3, resulting in
silicon dioxide gate insulator layer 6b, now at a thickness
between about 50 to 80 Angstroms. The presence of nitrogen
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containing, silicon oxynitride layer 6b, slowed or retarded
the growth of silicon dioxide layer 4b. The result of the
thermal oxidation procedure 1s schematically shown 1n FIG.

4

The formation of transfer gate transistors, comprised with
a first gate dielectric layer, in turn comprised with silicon
dioxide layer 4b, and the formation of additional transfer

gate transistors comprised with a thinner, second gate dielec-
tric layer, such as silicon dioxide layer 7, 1s next described
and shown schematically in FIG. 5. If desired, prior to
formation gate structures 8, the nitrogen containing layers,
silicon oxynitride layer 6b, and silicon nitride layer 6a, can
be selectively removed via wet or dry etching procedures.
However 1n this description these nitrogen containing layers
will remain. The retention of the nitrogen containing com-
ponents as part of the gate dielectric layer, results in
improvements for some device parametric values. A con-
ductive layer, such as in situ doped, polysilicon, 1s deposited
via low pressure chemical vapour deposition (LPCVD),
procedures, at a thickness between about 1000 to 3000
Angstroms. Conventional photolithographic and anisotropic
dry etch procedures, are employed to define polysilicon gate
structures 8, on the first gate dielectric layer comprised of
silicon oxynitride layer 6b, on silicon dioxide layer 4b, and
on the second gate dielectric layer comprised of silicon
nitride layer 6a, on silicon dioxide layer 7. After removal of
the photoresist layer used for definition of polysilicon gate
structures 8, lightly doped source/drain ADD), regions 9, are
formed 1n portions of semiconductor substrate 3, not cov-
ered by the polysilicon gate structures. If the semiconductor
devices are to be N channel devices, LDD regions 9, are
formed via implantation of arsenic or phosphorous ions. If
however the PFET devices are desired, LDD regions are
formed via implantation of boron or BF, 1ons. Insulator
spacers 10, comprised of silicon oxide or silicon nitride, are
next formed on the sides of polysilicon gate structures 8, via
deposition of the insulator layer followed by a blanket,
anisotropic reactive 1on etch procedure. Finally heavily
doped source/drain regions 11, are formed in portions of
semiconductor substrate 3, not covered by polysilicon gate
structures 8, or by insulator spacers 10. Again if NFET
devices are being formed, heavily doped source/drain
regions are formed via implantation of arsenic or phospho-
rous 1ons, where implantation of boron or BF, 10ns are used
to form the heavily doped source/drain regions for PFET
devices.

A second iteration of this mmvention, again featuring the
formation of a first gate dielectric layer, formed at a first
thickness on a first portion of a semiconductor substrate, and
the formation of a second gate diclectric layer, formed at
second thickness on a second portion of the semiconductor
substrate, 1s now described, featuring FIGS. 6-9. Region 21,
of semiconductor substrate 3, will be used to form a first gate
dielectric layer, while region 22, of semiconductor substrate
3, will be used with a second gate dielectric layer, different
in thickness than the first gate dielectric layer. A composite
dielectric layer, comprised of underlying, silicon dioxide
layer 12, and overlying silicon nitride layer 13, 1s formed on
semiconductor substrate 3. Silicon dioxide layer 12, 1is
obtained via thermal oxidation procedures, at a thickness
between about 40 to 60 Angstroms, while overlying, silicon
nitride layer 13, i1s obtained via LPCVD or via plasma
enhanced chemical vapour deposition (PECVD),
procedures, at a thickness between about 20 to 40 Ang-
stroms. This 1s schematically shown 1n FIG. 6.

Photoresist shape 14, 1s next used as an etch mask to allow
complete removal of the composite dielectric layer, 1n region
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22, exposing a portion of semiconductor substrate 3. The
removal of the composite insulator layer entails removal of
silicon nitride layer 13, via a selective dry etch procedure,
such as reactive 10n etching, using Cl, as an etchant, with the
ctching terminating at the appearance of silicon dioxade
layer 12. This etch selectivity, or etch rate ratio of silicon
nitride to silicon dioxide, prevents the dry etching procedure
from attacking silicon dioxide, and more importantly from
attacking semiconductor substrate 3. If desired a selective
wet etch procedure, using hot phosphoric acid as a selective
etchant for silicon nitride layer 13, can be used 1n place of
the dry etching option. After removal of photoresist shape
14, via plasma oxygen ashing and careful wet cleans,
portions of silicon dioxide layer 12, exposed 1n region 22, of
semiconductor substrate 3, 1s selectively removed using a
HF containing solution, such as a dilute HF (DHF), or a
buffered HF (BHF). The presence of silicon nitride layer 13,
in region 21, not soluble in the DHF or BHF solution
protects the integrity, or thickness of the composite dielectric
layer. The result of this procedure 1s schematically shown 1n

FIG. 7.

A thermal oxidation procedure 1s next performed 1n an
oxygen—steam ambient, at a temperature between about
800 to 1000° C., resulting in the formation of thin, silicon
dioxide layer 15, at a thickness between about 10 to 20
Angstroms, on the portion of semiconductor substrate 3,
exposed 1 region 22. The excellent oxidation retarding
characteristics of silicon nitride layer 13, prevented any
additional increase in thickness for silicon dioxide layer 12,
located 1 region 21. Therefore a first gate dielectric layer,
located 1 region 21, comprised of silicon nitride layer 13,
and underlying silicon dioxide layer 12, at an equivalent
silicon dioxide thickness between about 50 to 80 Angstroms,
and a second gate dielectric layer, located 1n region 22, and
comprised of silicon dioxide layer 15, at a thickness between
about 10 to 20 Angstroms, was accomplished using the
process sequence just described. This 1s shown schemati-

cally in FIG. 8.

The completion of the transfer gate transistors, featuring,
a lirst dielectric gate layer, formed at a first thickness,
located 1n a first region of semiconductor substrate 3, and
featuring a second dielectric gate layer, formed at a second
thickness, located 1n a second region of semiconductor
substrate 3, 1s next described and schematically shown 1n
FIG. 9. Polysilicon gate structures 16, are formed, using
identical deposition and patterning procedures previously
described for polysilicon gate structures 8, in the first
iteration of this invention. Lightly doped source/drain
regions 17, are then formed in areas of semiconductor
substrate 3, not covered by the polysilicon gate structures,
again using implantation conditions identical to conditions
previously used 1n the first iteration. Insulator spacers 18,
and heavily doped source/drain regions 19, are also formed
using deposition, patterning, and implantation procedures,
identical to procedures used for counterpart features in the
first iteration of this invention.

A third 1iteration of this 1nvention, not shown in the
drawings, features a composite msulator comprised of an
overlying silicon nitride layer, at a thickness between about
70 to 100 Angstroms, on an underlying thermally grown
silicon dioxide layer, at a thickness between about 10 to 20
Angstroms, presenting an equivalent silicon oxide thickness
between about 40 to 70 Angstroms. After removal of the
composite 1nsulator layer from a second portion of the
semiconductor substrate, another thermal oxidation proce-
dure 1s performed to grow between about 5 to 10 Angstroms
of silicon dioxide on the surface of the second portion of
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semiconductor substrate. The thickness of the silicon nitride
component of the composite insulator layer, located over-
lying a first portion of the semiconductor substrate, pre-
vented oxidation of the underlying silicon dioxide compo-
nent. An additional silicon nitride layer 1s next deposited at
a thickness between about 10 to 20 Angstroms, resulting 1n
a composite msulator layer overlying the second portion of
the semiconductor substrate. This composite insulator layer,
at a silicon dioxide equivalent thickness between about 10 to
20 Angstroms, 1s comprised of an overlying silicon nitride
layer at a thickness between about 10 to 20 Angstroms, and
an underlying silicon dioxide layer at a thickness between
about 5 to 10 Angstroms. The additional silicon nitride
deposition results in an increase 1n the equivalent silicon
oxide thickness for the composite 1nsulator layer located on
the first portion of the semiconductor substrate, to a value

between about 50 to 80 Angstroms.

While this mvention has been particularly shown and
described with reference to the preferred embodiments
thereof, 1t will be understood by those skilled in the art that
various changes 1n form and details may be made without
departing from the spirit and scope of this invention.

What 1s claimed 1s:

1. A method of forming a semiconductor device on a
semiconductor substrate, 1n which a first metal oxide semi-
conductor field effect transistor (MOSFET), element is
formed with a first gate dielectric layer, and in which a
seccond MOSFET element 1s formed with a second gate
dielectric layer, with said first gate dielectric layer different
in thickness than said second gate dielectric layer, compris-
ing the steps of:

forming a silicon dioxide layer on said semiconductor
substrate;

removing a first portion of said silicon dioxide layer from
a first portion of said semiconductor substrate, while a
second portion of said silicon dioxide layer remains on
a second portion of said semiconductor substrate;

performing a plasma treatment 1in a nitrogen ambient to
form a first nitrogen containing layer on the surface of
said second portion of said silicon dioxide layer, and to
form a second nitrogen containing layer on the surface
of said first portion of said semiconductor substrate;

performing a thermal oxidation procedure to form a thin
silicon dioxide layer on said first portion of said semi-
conductor substrate, resulting 1n said first gate dielec-
tric layer comprised of said second nitrogen containing,
layer on said thin silicon dioxide layer, and converting,
said second portion of said silicon dioxide layer to a
thicker second portion of silicon dioxide layer, result-
ing 1n said second gate dielectric layer, comprised of
said {first nitrogen containing layer on said thicker
second portion of said silicon dioxide layer, with said
second gate diclectric layer greater in thickness than
said first gate dielectric layer; and

forming gate structures, lightly doped source/drain
regions, 1nsulator spacers on the sides of said gate
structures, and heavily doped source/drain regions, to
complete fabrication of said first MOSFET and of said
seccond MOSFET elements.

2. The method of claim 1, wherein said silicon dioxide
layer 1s obtained at a thickness between about 40 to 60
Angstroms, via thermal oxidation procedures, performed 1n
an oxygen—steam ambient.

3. The method of claim 1, wherein said plasma treatment,
1s a remote plasma procedure, performed 1n a nitrogen—
helium ambient, for a time between about 30 to 60 sec, at a
power between about 100 to 300 watts.
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4. The method of claim 1, wherein said first nitrogen
containing layer, formed on said second portion of said
silicon dioxide layer, 1s a silicon oxynitride layer, formed at
a thickness between about 5 to 10 Angstroms.

5. The method of claim 1, wherein said second nitrogen
containing layer, formed on said first portion of said semi-
conductor substrate, 1s a silicon nitride layer, formed at a
thickness about 20 to 40 Angstroms.

6. The method of claim 1, wherein said thermal oxidation

procedure 1s performed 1n an oxygen—steam ambient, at a 10

temperature between about 800 to 1000° C.

3

7. The method of claim 1, wherein the thickness of said

thin silicon dioxide layer, located on said first portion of said
semiconductor substrate, 1s between about 5 to 10 Ang-
stroms.

8. The method of claim 1, wherein the thickness of said
thicker second portion of said silicon dioxide layer, located

on said second portion of said semiconductor substrate, 1s
between about 50 to 80 Angstroms.
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